SYNOPSIS A precise and reproducible method is described for the ultramicro fluorimetric determination of calcium in plasma, based upon the formation of a fluorescent complex between calcium and calcein at a strongly alkaline pH.
The accurate and precise estimation of calcium in serum and plasma is a complex and difficult problem. The classical oxalate precipitation method of Clark and Collip (1925) is still widely used, although technically tedious and not fully accurate. Many recent methods are based upon the method for complexometric titrations of metallic ions with EDTA of Schwarzenbach and Gysling (1949) , and use visual endpoint indicators, including murexide (Carubelli, Smith, and Hammarsten, 1959) , calcein (Baron and Bell, 1957) , and Cal-red (Bachra, Dauer, and Sobel, 1958) . We have found these titrimetric methods to be rapid but somewhat lacking in precision due to indistinct endpoints. Spectrophotometric determination of endpoints adds precision. Calcium estimation by flame photometry (Butterworth, 1957) and atomic absorption spectrophotometry (Thin and Thomson, 1967) require expensive instruments, and there are problems of ion interference.
Wallach and Steck (1963) described a fluorimetric technique for the micro-determination of calcium in biological materials using calcein, and Kepner and Hercules (1963) (Williams and Bridges, 1964) , ie, quenching by the internal absorption of exciting and emitted radiations. REAGENTS All the water used was steam-distilled and further purified by deionization using a mixed bed ion exchange column.
All glassware used to make up reagent solutions was allowed to stand in concentrated HCI (Analar reagent grade) for three days and then washed with at least 10 changes of deionized water. Glassware must be cared for meticulously to avoid contamination. Stock solution of calcein (100 mg/100 ml) Calcein (fluorescein-complexone indicator, Hopkins and Williams, batch no. 014151), 100 mg, was dissolved in 20 ml of 0-6 N KOH and then made up to 100-0 ml with 0 6 N KOH in a volumetric flask. This solution when stored in a polythene bottle, painted black, at 4°C, was stable for six to eight weeks.
Working solution of calcein (8 mg/l.) Stock calcein solution, 8-0 ml, was diluted to 1-0 1. with 0-6 N KOH. This solution was stored in a polythene bottle at room temperature and must be freshly prepared every seven days.
Stock calcium solution (100 mg/100 ml) Analar CaCO3 was dried to constant weight and 2-497 g dissolved in 50 ml 1-0 N HCI. This solution was made up to a final volume of 1-0 1. in a volumetric flask with deionized water. The solution was stored in a polythene bottle. 222
Ultramicrofluorimetric determination of calcium in plasma Working calcium solutions These were prepared by diluting the stock calcium solution in water to give final concentrations over the range 40 to 12-0 mg/100 ml.
Solutions were stored in polythene containers and freshly prepared weekly.
Artificialfluorescence standard This was prepared from an epoxy resin, Araldite A (Ciba A.R.L. Ltd, Duxford, Cambridge), The resin was warmed and run into a fluorimeter cuvette, care being taken to avoid air bubbles. The cuvette was then sealed.
METHOD The fluorimeter was switched on and allowed to stabilize for at least 15 minutes. A water bath set at 25°C contained a water blank, an artificial fluorescence standard, and a number of empty silica cuvettes, which were allowed to equilibrate for at least 10 minutes. The instrument was set at zero using the water blank. The artificial araldite standard was used as a standard reference source of fluorescence, with which the sensitivity of the fluorimeter was set. With the artificial standard at a scale deflection of 4, the 12 mg/100 ml calcium standard gave a full scale deflection of 14. Working calcein solution, 5 ml, was pipetted into 10 ml disposable polystyrene tubes (Stayne Laboratories Ltd, Bucks) and allowed to equilibrate in the water bath for 10 minutes. Then 20 pl of standard or sample was added from a disposable capillary pipette (Dade Dispo capillary pipettes), the tip of which was wiped with a calcium-free filter paper (Whatman no. 42). Medical wipes should not be used as they contain highly fluorescent constituents which cause contamination. The tube was stoppered, shaken by inversion 15 times, the contents transferred to a temperature equilibrated cuvette, and the fluorescence intensity measured one minute after adding the fluorescent mixture to the cuvette. Both tests and standards were corrected for the fluorescence of the calcein solution at 25°C. The concentration of calcium in the plasma was calculated from a standard calibration curve. CALIBRATION CURVE A typical calibration is shown in Figure 1 . The curve is S-shaped due to the formation of both a mono-and a di-calcium complex (Wallach and Steck, 1963) ; the di-calcium complex forms the major fluorescent species. By careful adjustment of the calcein concentration, the linear section of the curve can be fixed to cover the range of calcium concentration required. In our laboratory, we have found that a calcein concentration of 8mg/1. gives a linear range over calcium concentrations of 4 to 14 mg/100 ml. By raising or lowering the calcein concentrations, linearity over a higher or lower range of calcium concentrations can be achieved. For every new batch of calcein purchased, the concentration required to give a linear calibration curve over the selected calcium range must be determined.
EFFECT OF TEMPERATURE The effect of temperature on fluorescence, using standard calcium solutions, is shown in Figure 2 . At 25°C, a temperature change of + 10C on a 10 mg/100 ml calcium standard, gave a 2% error. We selected 25°C as the working temperature as this is near our normal ambient temperature, and thus minimizes Bilirubin and haemoglobin were shown to have a quenching effect on fluorescence at concentrations of haemoglobin exceeding 500 mg/100 ml and of bilirubin exceeding 10 mg/100 ml.
The presence of EDTA in concentrations exceeding 5 mg/100 ml was found to reduce the fluorescence of standard calcium solutions, the calcium-EDTA complex being non-fluorescent.
Human plasma proteins, at concentrations equivalent to three times the normal physiological level, had no effect on the fluorescence of standard calcium solutions.
Slyke, Dole, Emerson, Hamilton, and Archibald (1945) ; plasma calcium was corrected to a SG of 1-0270 using the factor proposed by Dent (1962) . The values for the subjects studied are detailed in Table I . The mean for the whole group was 9-66 mg/100 ml with a normal range (mean ± 2 SD) of 8-9 to 10-4 mg/100 ml. The EFFECT OF GLASSWARE It was found that if glass containers were used either to store solutions or in the method, variations and irregularity in calibration curves were observed. This was overcome by the use of polythene containers for storage and disposable polystyrene tubes for preparing the fluorescent complex. It was presumed that the irregularities experienced using glassware were due to the adsorption of calcium onto glass. While the work on this method was in progress a similar effect of calcium adsorption onto glass was reported by Phillips and Elevitch (1966) .
RESULTS
NORMAL VALUES Blood was collected, without venous stasis, from 100 ambulant normal subjects, aged between 18 and 73, comprising mainly medical students and members of the laboratory staff. Plasma calcium was estimated using the method described. The specific gravity of each sample was determined by the copper sulphate method of Phillips, van 10-0 10-2 10-3 9.9 8-7 9.9 10-3 11-0 14-3 9-6 8-8
Clark and CoUlip (1925) 9-8 10-1 10-4 10-3 9-7 8-8 9-8 10-3 11-2 14-6 9-6 8-8 cally is similar to normal ranges taken from the literature (Table III) .
